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Worldwide, more than three billion people cook with wood, coal and other solid fuels on open fires
or traditional stoves, contributing to more than 1.5 million deaths annually and a multitude of
negative economic and environmental impacts. The aim of this article is to present the costs and
benefits of interventions to reduce indoor air pollution by halving the global population currently
lacking access to (1) cleaner fuels (liquefied petroleum gas (LPG)) and (2) cleaner-burning and
more efficient stoves. Results are presented for 11 world subregions. Annual costs and benefits of
the two interventions are modelled from 2005 until 2015. Intervention costs include fuel, stove, and
programme costs, from which monetary fuel cost savings are subtracted to estimate net costs. Eco-
nomic benefits include less expenditure on health care, health-related productivity gains, fuel col-
lection and cooking time savings, and environmental impacts. Globally, annual economic benefits
of halving the population without access to LPG amount to (US)$ 91 billion at a net cost of $ 13
billion. The improved stove intervention generates $ 105 billion in economic benefits at a negative
net cost of $ 34 billion. The resulting benefit–cost ratios (BCR) for both interventions are favourable.
The BCR for LPG ranges from 1.5 to 21.2 in rural areas, and from 2.6 to negative in urban areas.
The BCR for improved stoves is negative in all sub-regions, as fuel cost savings exceed intervention
costs, thus giving net negative costs. Investments in interventions to reduce indoor air pollution are
potentially cost-beneficial.

1. Introduction
Worldwide, more than three billion people cook with
wood, dung, coal and other solid fuels on open fires or
traditional stoves [Rehfuess et al., 2006; Smith et al.,
2004]. The resulting indoor air pollution (IAP) is respon-
sible for more than 1.5 million deaths annually due to
respiratory diseases – mostly of young children and their
mothers [Bruce et al., 2000; Bruce et al., 2006; Smith et
al., 2000a; Smith et al., 2004]. Effective solutions to re-
duce levels of IAP and improve health do exist. They in-
clude cleaner and more efficient fuels, improved stoves
that burn solid fuels more efficiently and more completely,
and better ventilation. To be effective and sustainable in
the long term these solutions must be accompanied by
behaviour change. In addition to improving health and re-
ducing illness-related expenditures, interventions to re-
duce IAP have many impacts that, at the household level,
improve family livelihoods and, at the population level,
stimulate development and contribute to environmental
sustainability [Bruce et al., 2000; Habermehl, 1999; Lar-
son and Rosen, 2002; WHO, 2006].

Economic evaluation is a recognised analytical tool for

comparing the costs and impacts of one intervention with
those of another. Cost–benefit analysis (CBA) is one form
of economic evaluation that takes into account the major
economic costs and benefits expressed in monetary units,
and assessed from a societal perspective [Drummond et al.,
1997; Mishan, 1975]. CBA measures the net welfare effect
on society of a defined intervention or mix of interventions.

Cost–effectiveness analysis (CEA) is the other major
form of economic evaluation that compares the economic
costs with the benefits expressed in “natural” units. The
units expressed are particular to a specific sector; for the
case of health interventions, health benefits are expressed
in units such as health episodes, deaths, or disability-ad-
justed life-years averted [Drummond et al., 1997; Gold et
al., 1996; Tan-Torres Edejer et al., 2003]. Both CBA and
CEA can assist public policy-makers in deciding how
best to allocate funds between competing projects or
programmes.

Economic evaluation techniques such as CBA and CEA
can thus play an important role in guiding public policy-
making and investments in interventions. Previously, the
World Health Organization (WHO) has presented CEA
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results for interventions to reduce IAP at global and re-
gional level in terms of cost per healthy life year gained
[Mehta and Shahpar, 2004]. Until now, no global or re-
gional cost-benefit analysis has been conducted on house-
hold energy and health interventions. Economic studies
to date have focussed on stove improvements [Habermehl,
1999; 2007; Hughes et al., 2001; Smith, 1998].

The aim of this article is to present selected results from
a study that applied cost-benefit analysis (CBA) to estimate
the economic efficiency of selected interventions to reduce
IAP at global and regional levels [Hutton et al., 2006].

2. Methods
Methods follow the WHO guidelines on conducting cost–
benefit analysis of household energy and health interven-
tions [Hutton and Rehfuess, 2006], which draw on
international economic evaluation guidelines [Drummond
et al., 1997; Gold et al., 1996; Tan-Torres Edejer et al.,
2003]. Details of the methods are described elsewhere
[Hutton et al., 2006]. All analyses were conducted for 11
developing and middle-income WHO sub-regions (see Ta-
ble 1), and separately for rural and urban populations.
2.1. Interventions and scenarios modelled
Interventions were chosen on the basis of their relevance
to the household energy target “to halve, by 2015, the
number of people without effective access to modern
cooking fuels, and to make improved cooking stoves
widely available” proposed by the Millennium Project in

the context of the Millennium Development Goals
(MDGs) [UNMP, 2005]. Taking into account amenability
to a global-level analysis, two main interventions were
selected: (1) reducing exposure through changing from
solid fuels to cleaner fuels; and (2) reducing exposure
through a cleaner-burning and more efficient stove. Due
to data constraints and the complexities of attempting to
reflect different stove options in different parts of the
world, a single stove option was modelled.

Costs and benefits were modelled under eight different
intervention scenarios, reported in full in [Hutton et al.,
2006]. Three specific interventions (liquefied petroleum
gas (LPG), biofuel (ethanol) and a chimneyless rocket
stove) were modelled separately at two levels of popula-
tion coverage: to reduce the population not served in 2005
by 50 % or 100 % by 2015. The 50 % scenarios were
further subdivided into a base-case analysis, where all us-
ers of traditional fuels are targeted equally, and a pro-poor
analysis, which first targets those with the most polluting
and least efficient solid fuels. This paper presents the
50 % base-case analysis. In Scenario I, this study models
access to LPG as the cleaner fuel intervention, given the
wider availability and current use of this fossil fuel com-
pared to processed biofuels. In Scenario II (the improved
stove intervention), a chimneyless rocket stove was cho-
sen as a relatively cheap but functional stove that is
widely used in Latin America, Africa and parts of Asia
[Still et al., 2007]. No single improved stove model will

Table 1. WHO epidemiological sub-regions

Region[1] Mortality
stratum[2]

Countries

AFR D Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Comoros, Equatorial Guinea, Gabon,
Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria, Sao
Tome And Principe, Senegal, Seychelles, Sierra Leone, Togo

E Botswana, Burundi, Central African Republic, Congo, Côte d’Ivoire, Democratic Republic of the Congo, Eritrea,
Ethiopia, Kenya, Lesotho, Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland, Uganda, United
Republic of Tanzania, Zambia, Zimbabwe

AMR B Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Brazil, Chile, Colombia, Costa Rica, Dominica,
Dominican Republic, El Salvador, Grenada, Guyana, Honduras, Jamaica, Mexico, Panama, Paraguay, Saint Kitts
and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago, Uruguay, Venezuela

D Bolivia, Ecuador, Guatemala, Haiti, Nicaragua, Peru

EMR B Bahrain, Cyprus, Iran (Islamic Republic of), Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Oman, Qatar,
Saudi Arabia, Syrian Arab Republic, Tunisia, United Arab Emirates

D Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan, Somalia, Sudan, Yemen

EUR B Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria, Georgia, Kyrgyzstan, Poland, Romania,
Slovakia, Tajikistan, The Former Yugoslav Republic of Macedonia, Turkey, Turkmenistan, Uzbekistan, Yugoslavia

C Belarus, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Republic of Moldova, Russian Federation, Ukraine

SEAR B Indonesia, Sri Lanka, Thailand

D Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, Maldives, Myanmar, Nepal

WPR B Cambodia, China, Cook Islands, Fiji, Kiribati, Lao People’s Democratic Republic, Malaysia, Marshall Islands,
Micronesia (Federated States of), Mongolia, Nauru, Niue, Palau, Papua New Guinea, Philippines, Republic of
Korea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu, Viet Nam

Notes

1. AFR = Africa Region; AMR = Region of the Americas; EMR = Eastern Mediterranean Region; EUR = European Region; SEAR = South East Asian Region; WPR = Western Pacific
Region

2. B = low adult, low child mortality; C = high adult, low child mortality; D = high adult, high child mortality; E = very high adult, high child mortality
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be able to meet the different functional and cultural re-
quirements in all countries and settings. Characteristics of
the rocket stove were used in this analysis to represent a
variety of improved stove models that, in good working
conditions, achieve – more or less – the impacts of a
rocket stove at the approximate price of a rocket stove.
Performance measures in this analysis are derived from
testing of a 20 litre (l) metal can stove with a rocket-type
combustion chamber [Still et al., 2007].

Costs and benefits of modelled interventions are pre-
sented on an annual basis in (US)$ for the year 2005. The
analysis assumes a first year of intervention in 2006 and
an intervention period of 10 years until the end of 2015.
All input data were adjusted to reflect these start and end
dates, based on the latest data available and, where nec-
essary, predictions for the next 10 years. All costs and
benefits occurring after 2005 were discounted to 2005 val-
ues using a discount rate of 3 %.
2.2. Population targeted
Population coverage targets are based on the world’s
population at the end of 2015, using UN Population Di-
vision data on expected population growth for each coun-
try. The fuel and stove coverage of additions to the
population (population growth) are assumed to be equal
to the starting coverage in 2005. Population coverage of
fuel use and improved stove use reflect 2003 coverage
[Rehfuess et al., 2006]. Given that input data for some
costs and benefits are estimated at the household level,
population size was converted to number of households
using an average household size for each WHO subregion
(see Table 2). The latter is based on weighted country-
level estimates, and was calculated separately for rural
and urban populations.
2.3. Costs and benefits included
The benefit-cost ratio is calculated as the annual average

economic benefits of the intervention divided by the an-
nual average economic net costs of the intervention.

Intervention costs include fuel costs, stove costs, and
programme costs for the distribution of cleaner fuels or
improved stoves, including related research and develop-
ment investments and accompanying educational meas-
ures. Intervention costs are calculated as a net value, by
subtracting from the actual costs of the intervention any
monetary cost savings that occur as a result of switching
away from traditional fuels or using less fuel due to ef-
ficiency gains.

Economic benefits include reduced health-related ex-
penditure as a result of less illness, the value of assumed
productivity gains resulting from less illness and fewer
deaths, time savings due to the shorter time spent on fuel
collection and cooking, and environmental impacts at the
local and global levels. The health improvements included
are those estimated as part of WHO’s comparative risk as-
sessment [Smith et al., 2004]: acute lower respiratory infec-
tions (ALRI) in children younger than 5 years; and chronic
obstructive pulmonary disease (COPD) and lung cancer in
women and men older than 30 years. Local environmental
effects are assessed as fewer trees cut down, whereas the
global environmental effects considered are reduced emis-
sions of carbon dioxide (CO2) and methane (CH4).
2.4. Cost data sources and inputs
Given the global and regional nature of the analysis,
sources of appropriate cost and impact data were identi-
fied to apply to these levels. Different data sources avail-
able at the global, regional and country levels were
compared for relevance. For price data on traded goods
available at the international level, prices were adjusted
for insurance and freight using an average price multiplier
available for the 11 WHO subregions [Hutton and Bal-
tussen, 2005; Johns et al., 2002].

Table 2. Percentage of households using solid fuels and traditional stoves (2003)

WHO
subregion

Solid fuel use (%) Traditional
stove[2]

Coal Charcoal Wood Dung and others[1]

Urban Rural Urban Rural Urban Rural Urban Rural Urban Rural

AFR-D 2.8 0.6 16.2 4.0 28.1 41.0 31.5 49.5 92.0 98.6

AFR-E 8.8 1.6 15.1 15.0 24.6 57.9 4.4 12.1 86.6 94.3

AMR-B 0.7 3.2 0.5 2.1 3.0 46.5 0.6 0.8 91.6 75.4

AMR-D 9.6 0.1 11.7 2.2 0.7 66.8 2.8 6.2 99.8 98.0

EMR-B 0.7 0.7 0.0 0.0 0.1 0.1 18.6 51.1 89.2 89.2

EMR-D 0.4 0.5 0.5 1.1 20.8 47.8 1.2 8.8 95.3 97.5

EUR-B 0.4 0.4 0.1 0.1 4.6 31.7 0.7 1.7 36.5 13.7

EUR-C 0.9 1.1 0.2 0.4 4.9 6.0 0.2 0.0 12.4 0.9

SEAR-B 0.4 0.0 25.7 0.3 0.0 85.4 0.0 0.0 96.0 90.3

SEAR-D 3.5 1.2 7.2 1.3 16.2 71.1 1.4 16.1 95.0 93.8

WPR-B 7.1 3.3 12.4 14.3 14.6 44.5 1.2 4.6 97.8 97.6

Sources: Rehfuess et al. 2006; World Health Survey 2005 (unpublished data)

Notes

1. Others: includes agricultural residues, crop waste, grass and shrubs

2. Percentage of all solid fuel users
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Whereas the features of the rocket stove will vary be-
tween contexts, a median price of $ 6 was used in the
analysis, with an expected length of useful life of 3 years
[Still, 2007]. Laboratory data show that the rocket stove
leads to fuel savings of 34 % due to greater heat transfer
efficiency [Still et al., 2007], and field data in Uganda
demonstrate 55 % fuel savings [Habermehl, 2007]. The pre-
sent analysis conservatively adopts the lower value of 34 %.

The study uses a cost of $ 60 for the LPG burner and
$ 50 for the LPG cylinder, with an expected 10-year
length of useful life, following the assumptions used in
the global CEA study [Mehta and Shahpar, 2004]. Pro-
gramme unit costs per stove distributed are based on pub-
lished WHO data [Mehta and Shahpar, 2004], varying
between $ 0.15 in SEAR-B subregion and $ 1.26 in
AMR-B and EMR-B subregions.

The average consumption of different solid fuels for
cooking purposes was obtained from the United Nations
Statistics Division (Energy Section). Total residential LPG
consumption in the 10 largest developing countries was
used to reflect LPG consumption in the WHO subregions
[Smith et al., 2005].

Fuel prices also vary by country and region. Fuels were
categorized into those principally traded on the interna-
tional market and for which international prices are avail-
able (LPG, biofuels and coal) and those largely traded
domestically (charcoal and firewood). Agricultural waste
products (crop residues and dung) are assumed to be col-
lected or made by each household and thus incur no
monetary cost.

According to the World LP Gas Association (WLPGA),
the world price for butane (used to produce LPG) is
$ 0.26/l [WLPGA, 2006]. For ethanol a near-term indus-
try estimate of $ 0.36/l was used in the base-case analysis.
Unit prices in rural areas were adjusted upwards by 20 %
to reflect additional transport costs and potentially re-
duced competition among suppliers. For coal, the World
Bank provides commodity prices for Australian export
coal (a major world supplier) at $ 0.51/kg for 2005.

For biomass fuels not traded internationally – firewood
and charcoal – urban and rural prices were collected both
from the international literature and through contacts in
selected countries. All households were assumed to pur-
chase rather than produce their charcoal, with prices per
kg varying from $ 0.13 to $ 0.77. On the other hand,
75 % of urban-dwellers and 25 % of rural dwellers were
assumed to purchase wood for fuel. Fuelwood prices var-
ied from $ 0.03 to $ 0.20 per kg.
2.5. Benefit data sources and inputs
Health impacts: For the three diseases included in the
study – acute lower respiratory infection (ALRI), chronic
obstructive pulmonary disease (COPD) and lung cancer –
incidence and deaths attributable to indoor air pollution
(IAP) were estimated for each WHO sub-region for 2002
[Smith et al., 2004]. Figures for 2005 were derived by
applying the disease rates per 100,000 population in 2002
to the 2005 population figures. Postulating a complete
switch from traditional fuels to cleaner fuels for all
household energy uses, LPG and ethanol interventions

are assumed to reduce the risk of diseases attributable to
IAP to the baseline risk in the population. The assumed
health impacts of improved stoves are based on three stud-
ies that have compared personal exposure levels in homes
where open fires are used with homes that use improved
plancha chimney stoves or smoke hoods, giving an aver-
age reduction in personal exposure of 35 % [Bruce et al.,
2002; Bruce et al., 2004; Naeher et al., 2000]. It should
be noted that combustion and ventilation conditions vary
widely between different types of interventions, and these
estimates should therefore be considered a poor approxi-
mation of the expected exposure reductions from a chim-
neyless rocket stove.

Health care cost savings: A cost saving per case of dis-
ease averted is calculated on the basis of data for each
WHO subregion, disease and level of severity (i.e., treat-
ment-seeking, unit costs of care). For an assumed propor-
tion seeking modern health care, the cost for a typical
case as an out-patient as well as the cost of hospitalization
for a proportion of patients was calculated. Both are es-
timated for primary health facilities. Health system unit
costs of out-patient and in-patient care were extracted
from an international review of costs, available by WHO
subregion [Mulligan et al., 2005]. Costs of disease-spe-
cific treatments, such as medicines and procedures de-
rived from the International Drug Price Indicator Guide
2005 [MSH, 2005], were added to these unit costs. The
median international price was adjusted by the WHO
subregional price multipliers to take into account the costs
of insurance and freight. An average length of stay for
hospital in-patients was assumed for each disease and
level of severity [Hutton et al., 2006], ranging from 3 to
5 days for ALRI, 8 to 10 days for COPD, and 60 days
for cancer.

Productivity gains due to improved health: The human
capital approach, which uses market prices from the la-
bour market to value changes in health status, is used to
value illness-free days and deaths avoided. The number
of days of illness varies according to the severity of the
disease and to whether the individual sought and received
treatment. For example, 86 % of ALRI cases are moder-
ate, 12 % severe and 2 % very severe [Mehnaz et al.,
1997; Qazi et al., 1996; Stenberg et al., 2007], with 5, 10
and 15 days off sick when treated, respectively. For adults,
the model values the economic benefits of reduced mor-
bidity as the number of days of illness averted multiplied
by the average daily gross national income (GNI) per cap-
ita in the year 2005 for each WHO subregion. For chil-
dren, the number of days of illness averted is multiplied
by half the average daily GNI per capita. The economic
benefits of averted deaths are calculated as the annual
value of time (GNI per capita) multiplied by the number
of years of income-earning life lost. The latter assumes
an income-earning life from the age of 15 years to 65
years. Also, on the basis of consultations with chronic
respiratory disease experts, a time lag of 20 years for
COPD and lung cancer was assumed as the difference
between the average age at exposure and average age at
disease onset.
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Time savings: two types of time saving are included in
the analysis – time saved in the collection or preparation
of wood, dung or other biomass fuels, and time saved on
cooking. Time savings are valued at the average GNI per
capita for each WHO subregion. Estimates of time spent
collecting wood are available in the literature [Dutta,
2005], ranging from 0.3 hours per day per household in
Indonesia and Nigeria to 4 hours per day in Niger. Sub-
regional averages for time use were estimated by taking
weighted averages of values available for selected coun-
tries. For dung and crop residues, almost no published
information on collection or preparation time exists; it was
assumed that these fuels require half the average daily
time required for collecting wood. A stove comparison
study conducted by the Aprovecho Research Center pro-
vides information on the time taken to boil 5 l of water,
and reports reductions in cooking time from using the
rocket stove (22.3 minutes) compared with open fires
(26.7 minutes) of approximately 14 % [Still et al., 2007].
Similar studies show cooking time savings of approxi-
mately 12 % from the use of propane (23.0 minutes) [Still
et al., 2007]. While laboratory tests cannot be considered
representative of cooking time savings in real-life, these
assumptions appear very conservative in the light of GTZ
reporting average cooking time savings of 1.82 hours per
day in Uganda [Habermehl, 2007].

Environmental benefits: these are estimated at local and
global levels. Local environmental benefits accrue as part
of a switch away from biomass to cleaner fuels, or when
improved and more fuel-efficient stoves lead to less con-
sumption of biomass. Deforestation due to unsustainable
firewood use can lead to soil erosion, desertification, and,
in hilly areas, landslides. Rather than trying to place a
value directly on these downstream effects, economic
methods value instead what it would cost to avert these
possible adverse effects; in other words, they estimate the
cost of replacing the trees that are cut down. The replace-
ment cost comprises the labour cost plus the cost of the
tree sapling, adjusted by a wastage factor (percentage of
saplings planted that do not mature). A Brazilian source
estimates the average cost per tree replaced as $ 0.60 (ad-
justed from 1996 prices to 2005 prices) [Carneiro de Mi-
randa, 1997].

Global environmental benefits occur when greenhouse
gas (GHG) emissions are reduced. The incomplete burn-
ing of solid fuels in households leads to the emission of
many different GHGs. This study focuses on CO2 and
CH4 as these are recognised under the Kyoto Protocol.
The exclusion of black carbon and other pollutants that
are potentially linked to global warming gives a conser-
vative estimate of the benefits. The global environmental
value is calculated by estimating the total reduction in
emissions achieved by each of the interventions modelled,
based on the following.
• The amount of each fuel burnt per year, available from

the study model.
• The CO2 and CH4 emissions for each kg of fuel

burned, available from published studies [Smith et al.,
2000b; Thomas et al., 2000]. For CO2, emissions per

kg of fuel burned ranged from 200 g for renewably-
harvested wood and 1,688 g for non-renewably har-
vested wood, to 2,900 g for ethanol and 3,085 g for
LPG. For CH4, emissions per kg of fuel burned ranged
from 0.054 g for LPG and ethanol, to 1 g for renew-
ably-harvested wood and 8 g for non-renewably har-
vested wood, increasing to 10.53 g for dung and
agricultural residues and 12 g for charcoal.

• The economic value of averting emissions of GHGs,
available from the carbon trading market. A conserva-
tive trading price of $ 4 per tonne (t) of CO2 emission
reduced is used. A trading value for CH4 was not
found. However, based on the comparison of the in-
stantaneous global warming potential between CH4
and CO2 for a 100-year time horizon [Smith et al.,
2000b], multiplying the CO2 carbon trading value by
the 7.6 times higher potency of CH4 gives a value of
$ 30/t of methane emissions reduced[2].

2.6. Sensitivity analysis
There is considerable uncertainty in the results due to the
assumptions employed in the model as well as the lack
of generalizable data. Sensitivity analysis was performed
to assess the impact on the benefit–cost ratio of optimistic
(leading to higher benefit than the base case) and pessi-
mistic input values. Alternative values were largely based
on values available in the literature or, where these were
not available, assumptions about expected ranges. Results
are presented for ten sensitivity analyses: (1) changes in
stove costs (LPG stove and cylinder: $ 46-150; improved
biomass stove: $ 2; $ 6; $ 80) and improved stove effi-
ciency gains (60 %; 34 %; 20 %); (2) LPG prices/l
($ 0.127; $ 0.255; $ 0.382); (3) percentage reduction in
health impacts of improved stoves (60 %; 35 %; 10 %)
and the lag time for the health effect in years (30; 20;
10); (4) the value of adult’s time (30 % GNI per capita;
GNI per capita; minimum wage); (5) the value of chil-
dren’s time (zero; 50 % of GNI per capita; GNI per cap-
ita); (6) savings in fuel collection and cooking times (from
half the base value to 50 % higher than the base value);
(7) costs of tree replacement per kg of wood collected
($ 0.00191; $ 0.005619; $ 0.019105); (8) CO2 and CH4
emissions per kg of fuel burned (based on ranges found in
the literature [Hutton et al., 2006]); (9) the economic value
of emission reductions/t CO2 ($ 17; $ 4; $ 1); and (10) the
discount rate for future costs and benefits (0 %; 3 %; 5 %).

3. Results
3.1. Costs
The annual net costs of intervention are presented in Table
3, reflecting the intervention costs minus cost savings
from less fuel use. Negative figures therefore indicate a
net saving associated with the scenario. The global annual
cost of Scenario I – 50 % reduction in the population
without access to LPG – is $ 13 billion (total costs of
$ 24 billion minus savings of $ 11 billion). This compares
with a net saving of over $ 34 billion for Scenario II
– 50 % reduction in the population without access to
improved biofuel stoves (total costs of just over $ 2 bil-
lion minus savings of $ 37 billion). Globally, 85.7 % of
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the cleaner fuel intervention cost is accounted for by fuel
costs, 13.5 % by stove costs and 0.8 % by programme
costs. The global costs of the improved stove intervention
are more equally divided between stove costs (56.1 %)
and programme costs (43.9 %). For the cleaner fuel in-
tervention, the net cost per person (total population as
denominator) ranged from $ 0.2 in EUR-C to $ 4.2 in
both EMR-B and SEAR-B.
3.2. Benefits
The total economic benefits of halving the population

without access to LPG (Scenario I) amount to $ 90 billion
per year. The improved stove scenario (Scenario II) gen-
erates $ 105 billion in economic benefits (Table 4).

For both scenarios savings in time required for fuel col-
lection and cooking represent the main benefits in most
subregions (Figure 1), at $ 44 billion per year out of a
total $ 90 billion. At the global level, for Scenario I,
health-care cost savings contribute $ 0.2 billion (0.2 %);
time savings $ 45.0 billion (48.6 %); health-related produc-
tivity gains $ 40.2 billion (44.5 %); and environmental

Table 3. Annual net intervention costs

WHO
subregion

By 2015, reduce by 50 % population without access to cleaner fuel or an improved stove

Scenario I: LPG
(million $)

Scenario II: improved stove
(million $)

Net cost per person
($)

Urban Rural Urban Rural Scenario I Scenario II

AFR-D 100 840 -1090 -100 2.2 -2.8

AFR-E -230 880 -2100 -410 1.3 -5.2

AMR-B 50 1570 -3430 -400 3.0 -7.2

AMR-D -60 260 -1220 -50 2.2 -14.0

EMR-B 270 500 40 30 4.2 0.40

EMR-D -30 750 -1810 -270 1.5 -4.3

EUR-B -60 340 -1830 -40 1.2 -7.8

EUR-C -90 120 -790 -10 0.2 -3.5

SEAR-B -70 1520 -1220 -270 4.2 -4.4

SEAR-D 1000 3610 -4750 -80 3.2 -3.1

WPR-B 1670 200 -13630 -940 1.1 -8.5

World (non-A) 2550 10590 -31830 -2540

World (non-A) 13140 -34370 2.1 -5.5

Table 4. Total annual economic benefits

WHO
subregion

By 2015, reduce by 50 % population without access to cleaner fuel (Scenario I) or 
an improved stove (Scenario II)

Scenario I: LPG
(million $)

Scenario II: improved stove
(million $)

Net benefit per person
($)

Urban Rural Urban Rural Scenario I Scenario II

AFR-D 2540 3080 1910 2070 13.1 9.3

AFR-E 2420 5450 2480 3850 16.1 13.0

AMR-B 610 5980 9600 7510 12.3 32.2

AMR-D 220 440 790 480 7.3 14.0

EMR-B 1330 2080 4980 2910 18.6 43.0

EMR-D 470 1620 1300 1890 4.4 6.6

EUR-B 410 1030 2130 410 6.0 10.6

EUR-C 500 410 910 70 4.1 4.4

SEAR-B 310 4030 1040 3580 12.7 13.6

SEAR-D 2610 5440 5600 4130 5.2 6.3

WPR-B 45180 4240 42970 3910 28.9 27.4

World (non-A) 56600 33800 73710 30810

World (non-A) 90400 104520 14.4 16.7
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benefits $ 6.0 billion (6.7 %). 96 % of health-related pro-
ductivity gains are related to reduced premature death, and
78 % of environmental benefits are local as opposed to
global. For Scenario II, again at the global level, time
savings represent the greatest single benefit (85.0 %) at
$ 88 billion per year, followed by health-related produc-
tivity gains (13.6 % or $ 14 billion), environmental bene-
fits (1.3 %, or $ 2 billion) and health-care cost savings
(0.1 %, or $ 32 million). For the improved fuel interven-
tion (Scenario II, see Table 4), the benefit per person (total
population as denominator) ranged from $ 4.1 in EUR-C
to $ 28.9 in WPR-B.
3.3. Benefit–cost ratios
As shown in Table 5, benefit-cost ratios vary considerably
according to WHO subregion and scenario, and between
rural and urban areas. For LPG, the benefit-cost ratio

ranges from 1.5 in SEAR-D to 21.2 in WPR-B in rural
areas, and from 2.6 to negative[3] in urban areas. For im-
proved stoves, the benefit–cost ratio is negative in all sub-
regions, except EMR-B where the ratio is very high at
over 100. Thus, overall, the base-case results of the two
interventions show very good value for money.

The wide variation between WHO subregions is the re-
sult of differences in regional characteristics and associ-
ated data inputs and assumptions, such as type of solid
fuel used, economic value of time and intervention costs.
A higher benefit-cost ratio can be explained both by a
smaller denominator (net cost) and a larger numerator
(benefit), where the former has a relatively greater impact
on the benefit-cost ratio than the latter. Consequently, the
divergence in benefit-cost ratios between urban and rural
areas can be largely attributed to the different way in

Figure 1. Contribution to economic benefits for Scenario I (liquefied petroleum gas; top) and Scenario II (improved stoves; bottom)
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which savings in fuel cost and time influence the calcu-
lations. Fuel savings (which are higher in urban areas)
are subtracted from the intervention cost in the denomi-
nator whereas time savings (which are higher in rural ar-
eas) are added to the economic benefits in the numerator.
3.4. Sensitivity analysis
Ten sensitivity analyses were performed to evaluate the
impact of changes in assumptions for selected variables.
Figure 2 illustrates variations for AFR-E under low and
high ranges for selected input variables compared with
the base-case result, as described in Section 2.6. Changes
in some input value assumptions in the model affect bene-
fit-cost ratios considerably, while others do not, as shown
by the lower and upper values in Figure 2. The results
were most sensitive to stove costs and efficiency, fuel
prices and the value of time assigned to time savings.
Globally, an alternative time value of 30 % of GNI per
capita reduces the benefit-cost ratio from 6.9 to 2.2. For
the other variables tested in the one- and two-way sensi-
tivity analyses, changes observed were not major, and
even under pessimistic assumptions the benefit–cost ratio
remained above 5.0. In fact, within the range of all opti-
mistic and pessimistic alternatives tested, the benefit-cost
ratio always remained above 2.0.

Even with an improved stove cost of $ 80, the most pes-
simistic assumption for the improved stove intervention, the
global net intervention costs remain negative at $ 14 billion
(data not shown). It should be noted, however, that simulta-
neously replacing all input variables with extreme values
may lead to the benefit-cost ratio falling below 1.0.

Table 5. Benefit–cost ratios for selected scenarios
($ return per $ invested)

WHO
subregion

By 2015, reduce by 50 % population without
access to cleaner fuel (Scenario I) or an

improved stove (Scenario II)

Scenario I: LPG Scenario II: improved
stove

Urban Rural Urban Rural

AFR-D 26.5 3.7 Neg.[1] Neg.

AFR-E Neg. 6.2 Neg. Neg.

AMR-B 14.3 3.8 Neg. Neg.

AMR-D Neg. 1.8 Neg. Neg.

EMR-B 4.9 4.2 136.1 89.9

EMR-D Neg. 2.2 Neg. Neg.

EUR-B Neg. 3.0 Neg. Neg.

EUR-C Neg. 3.4 Neg. Neg.

SEAR-B Neg. 2.7 Neg. Neg.

SEAR-D 2.6 1.5 Neg. Neg.

WPR-B 27.0 21.2 Neg. Neg.

World (non-A) 22.3 3.2 Neg. Neg.

World (non-A) 6.9 Neg.

Note

1. Neg. = negative. A negative benefit-cost ratio means that intervention cost savings
exceed intervention costs. Net costs are negative.

Figure 2. Benefit-cost ratios for halving the population without access to liquefied petroleum gas (Scenario I) under different assumptions for WHO subregion
AFR-E. GHG = greenhouse gas. The ratio is negative and hence not shown for low cost or high benefit assumptions in the case of fuel prices.
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4. Discussion
The CBA results demonstrate that interventions to reduce
IAP are potentially highly efficient for society to under-
take, when comparing the estimated intervention costs
with a selection of major health and economic benefits.
In terms of achieving the MDG target of halving the popu-
lation without effective access to modern cooking fuels,
the global economic benefits outweigh the costs approxi-
mately 7-fold. In other words, an annual net investment
of $ 13 billion to increase access to LPG generates eco-
nomic benefits worth $ 90 billion. The up-front invest-
ment is roughly $ 24 billion per year, with expected
annual fuel savings of $ 11 billion. When the intervention
cost saving is added to the economic benefit instead of
being subtracted from the intervention cost, the global
benefit-cost ratio for LPG remains high at 4.3 [Hutton et
al., 2006].

In terms of halving the population without an improved
cooking stove, the BCR is negative: in other words, the
direct savings resulting from the intervention outweigh the
intervention costs. The net intervention cost is minus $ 34
billion annually. The up-front investment is roughly $ 2
billion per year, with expected annual fuel savings of $ 37
billion, and generates an economic benefit of $ 105 bil-
lion. When the intervention cost saving is added to the
economic benefit instead of being subtracted from the in-
tervention cost, the global BCR is highly favourable at
around 60 [Hutton et al., 2006].

This is the first global CBA of interventions to reduce
IAP. Only a few country studies have been conducted, for
example, in Guatemala and Kenya for reductions in mor-
tality [Larson and Rosen, 2002] and in Pakistan for re-
ductions in morbidity [ARCH, 2000]. These studies show
that benefits outweigh costs by a factor of 10 or more.

A recent cost-effectiveness analysis (CEA) of interven-
tions to reduce IAP was conducted for a similar set of
interventions (i.e., improved stoves, kerosene and LPG)
in the same 11 WHO subregions [Mehta and Shahpar,
2004]. Cost-effectiveness varies greatly by subregion for
the improved stove intervention: $ 500-730 per disabil-
ity-adjusted life year (DALY) averted in Africa; $ 610-
1,180 per DALY averted in South-East Asia; $ 5,880 per
DALY averted in AMR-B; $ 7,800 per DALY averted in
EMR-D; and $ 32,240 per DALY averted in WPR-B.
Cost-effectiveness ratios were less favourable for LPG in-
terventions, ranging from $ 1,410 in WPR-B to more than
$ 6,000 in other sub-regions.

Given the global nature of the study, not all of the po-
tential costs and benefits could be included, due to lack
of scientific evidence or the context-specific nature of
some costs and benefits. For many input variables, in the
absence of data for different countries or settings, findings
from individual studies were chosen as representative at
the subregional or global level.

Potential benefits of interventions to reduce IAP that
were excluded comprise, for example, additional health
effects for which the role of IAP as a risk factor remains
inconclusive, such as tuberculosis, low birth weight and
other perinatal health outcomes, and cardiovascular dis-

ease [Smith et al., 2004]; potential improvements in food
safety and nutrition due to the more efficient handling of
available energy sources; economic benefits of switching
fuel source associated with opportunities for education
and income generation; the increased availability of fer-
tilizer when switching away from use of dung and agri-
cultural residues for cooking and heating; the exclusion
of NO2 and other gases that are potentially linked to
global warming; and the exclusion of any GHG emissions
linked to charcoal manufacture.

On the other hand, some assumptions made in this
study favour the interventions, such as the assumed use
of a high-performing improved stove in good working
condition, which provides adequately for all household
energy needs and achieves constant health impacts over
time. In contrast, it is more likely that stove performance
declines over time due to little or no maintenance, which
would also lead to lower health benefits. Furthermore, this
study assumes a complete switch from traditional prac-
tices to modern practices. In reality, many households use
more than one fuel or stove and will continue to do so
where biomass fuels are easily available and free. In ad-
dition, interventions that free up time of those collecting
fuel, especially women, may have unintended conse-
quences, such as changing fertility patterns [Gibson and
Mace, 2002].

The development impact of households moving up the
energy ladder and using improved cooking stoves is clear,
even in the absence of a global CBA. Yet, it is important
to recognise that many barriers to successfully reducing
IAP and improving household energy practices exist, in-
cluding: the lack of national and state policies and lead-
ership on household energy; apathy of governments and
households and resistance to change; lack of inter-institu-
tional coordination; lack of education and training; and
household poverty and lack of access to resources [Ahmed
et al., 2005]. In addition to resource constraints at the
household level, there are severe resource constraints at
the national and international levels, given the large num-
ber of development priorities of donors and country gov-
ernments. In other words, in expanding coverage of access
to cleaner fuels and improved stoves, many issues must
be dealt with beyond showing that programmes to reduce
IAP are a good investment. Furthermore, many challenges
exist to implementing household energy programmes suc-
cessfully and in a sustainable way, such as technology de-
signs that adequately meet users’ needs, quality control and
financing mechanisms [McDade, 2004; Sinton et al., 2004].

Although a largely academic exercise, CBA can con-
tribute to the policy debate and help define implementa-
tion strategies. Most importantly, CBA shows not only the
potential efficiency of the interventions, but it can also
point towards who is likely to incur the costs and who
enjoys the benefits, according to the benefit categories
evaluated in this study. We hope that this study will in-
spire applications of CBA at national and programme levels,
using more detailed and situation-specific data. Such real-life
studies will ultimately serve to better inform the design and
execution of household energy and health interventions.
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Notes

1. The research work on which this paper is based was carried out when Guy Hutton and
Fabrizio Tediosi were at the Swiss Tropical Institute. The paper was written when Hutton
was at DSI Development Solutions International.

2. Editor’s note: carbon trading is denominated in terms of CO2-equivalent, where other
GHGs are weighted by their respective global warming potential (GWP), where CO2 is
assigned a GWP of one. There are different values of GWP depending on the time
horizon, since the atmospheric lifetimes of the different GHGs are different. A 100-year
GWP is typically used. Estimates of GWPs are revised from time to time. The most
recent 100-year GWP for methane is 23, though the carbon markets associated with
the Kyoto Protocol use an earlier value of 21, which was the estimate at the time the
protocol was signed. As of October 2007, the carbon market price in the Clean Devel-
opment Mechanism of the Kyoto Protocol, applicable to developing countries, is around
12 euros (or about $ 17)/t of CO2-equivalent. Since this paper is based on a WHO
report, the values expressed here have not been adjusted.

3. Negative means net costs are negative, so that any further benefits would make the
scenario highly favourable.

References

Ahmed, K., Awe, Y., Barnes, D., Cropper, M., and Kojima, M., 2005. Environmental Health
and Traditional Fuel Use in Guatemala, Energy Sector Management Assistance Programme
(ESMAP), World Bank, Washington DC.

ARCH (Applied Research on Child Health project), 2000. The Costs of Antimicrobial Resis-
tance: a Case Study of Childhood Pneumonia in Pakistan, Applied Research on Child Health
project, Harvard Institute for International Development, Cambridge, MA.

Bruce, N., Perez-Padilla, R., and Albalak, R., 2000. “Indoor air pollution in developing coun-
tries: a major environmental and public health challenge”, Bulletin of the World Health Or-
ganization, 78(9), pp. 1078-1092.

Bruce, N., Bates, E., Nguti, R., Gitonga, S., Kithinji, J., and Doig, A., 2002. “Reducing indoor
air pollution through participatory development in rural Kenya”, Proceedings of the 9th In-
ternational Conference on Indoor Air Quality and Climate, Monterey, CA, pp. 590-595.

Bruce, N., McCracken, J., Albalak, R., Schei, M., Smith, K.R., Lopez, V., and West C..,
2004. “Impact of improved stoves, house construction and child location on levels of indoor
air pollution exposure in young Guatemalan children”, Journal of Exposure Analysis and
Environmental Epidemiology, 14 (Supplement 1), pp. S26-33.

Bruce, N., Rehfuess, E., Mehta, S., Hutton, G., and Smith, K.R., 2006. “Indoor air pollution”,
in Jamison, D.T., Breman, J.G., Measham, A.R., Alleyne, G., Claeson, M., Evans, D.B., Jha,
P., Mills, A., and Musgrove, P., (eds.), Disease Control Priorities in Developing Countries,
(2nd ed.), World Bank and Oxford University Press, Oxford.

Carneiro de Miranda, R., 1997. Forest Replacement Schemes in Latin America: an Effective
Model to Achieve Sustainability of Supply for Industrial Firewood Consumers, Food and
Agriculture Organization of the United Nations, Rome.

Drummond, M.F., O’Brien, B., Stoddart, G.L., and Torrance, G.W., 1997. Methods for the Eco-
nomic Evaluation of Health Care Programmes (2nd ed.), Oxford University Press, Oxford.

Dutta, S., 2005. Energy as a Key Variable in Eradicating Extreme Poverty and Hunger: a
Gender and Energy Perspective on Empirical Evidence on MDG #1, Report to DFID/EN-
ERGIA project on Gender as a Key Variable in Energy Interventions.

Gibson, M., and Mace, R., 2002. “Labor-saving technology and fertility increase in rural
Africa”, Current Anthropology, 43(4), pp. 631-637.

Gold, M.R., Siegel, J.E., Russell, L.B., and Weinstein, M.C., 1996. Cost-effectiveness in
Health and Medicine, Oxford University Press, Oxford.

Habermehl, H., 1999. The Economics of Improved Stoves. Guide to Micro- and Macro-
economic Analysis and Data Assessment (2nd ed.), German Development Cooperation
(GTZ), Eschborn.
Habermehl, H., 2007. Economic Evaluation of the Improved Household Cooking Stove Dis-
semination Programme in Uganda, German Technical Cooperation (GTZ), Eschborn.
Hughes, G., Lvovsky, K., and Dunleavy, M., 2001. Environmental Health in India. Priorities
in Andhra Pradesh, World Bank, Washington, DC.
Hutton, G., and Baltussen, R., 2005. “Cost valuation in resource-poor settings”, Health Policy
and Planning, 20(4), pp. 252-259.
Hutton, G., and Rehfuess, E., 2006. Guidelines for Conducting Cost-benefit analysis of
Household Energy and Health Interventions, World Health Organization, Geneva.

Hutton, G., Rehfuess, E., Tediosi, F., and Weiss, S., 2006. Evaluation of the Costs and
Benefits of Household Energy and Health Interventions at Global and Regional Levels,
World Health Organization, Geneva, available at
http://www.who.int/indoorair/publications/en/index.html.

Johns, B., Baltussen, R., and Hutubessy, R., 2002. “Programme costs in the economic
evaluation of interventions”, Cost-Effectiveness and Resource Allocation, 1(1).

Larson, B., and Rosen, S., 2002. “Understanding household demand for indoor air pollution
control in developing countries”, Social Science and Medicine, 55, pp. 571-584.

McDade, S., 2004. “Fueling development: the role of LPG in poverty reduction and growth”,
Energy for Sustainable Development, VIII(3), pp. 74-81.

Mehnaz, A., Billoo, A., Yasmeen, T., and Nankani, K., 1997. “Detection and management
of pneumonia by community health workers – a community intervention study in Rehri
village, Pakistan”, Journal of the Pakistan Medical Association, 47(2), pp. 42-5.

Mehta, S., and Shahpar, C., 2004. “The health benefits of interventions to reduce indoor
air pollution from solid fuel use: a cost-effectiveness analysis”, Energy for Sustainable De-
velopment, VIII(3), pp. 53-59.

Mishan, E., 1975. Cost Benefit Analysis (2nd ed.), Allen and Unwin, London.

MSH (Management Sciences for Health), 2005. International Drug Price Indicator Guide
(2005 ed.), Management Sciences for Health, Cambridge, MA.

Mulligan, J., Fox-Rushby, J., Adam, T., Johns, B., and Mills, A., 2005. Unit Costs of Health
Care Inputs in Low and Middle Income Regions, Disease Control Priorities Project Working
Paper No. 9, September 2003, revised June 2005.

Naeher, L., Leaderer, B., and Smith, K.R., 2000. “Particulate matter and carbon monoxide
in highland Guatemala: indoor and outdoor levels from traditional and improved wood stoves
and gas stoves”, Indoor Air, 10, pp. 200-205.

Qazi, S., Rehman, G., and Khan, M., 1996. “Standard management of acute respiratory
infections in a children’s hospital in Pakistan: impact on antibiotic use and case fatality”,
Bulletin of the World Health Organization, 74(5), pp. 501-7.

Rehfuess, E., Mehta, S., and Prüss-Üstün, A., 2006. “Assessing household solid fuel use
– multiple implications for the millennium development goals”, Environmental Health Per-
spectives, 114, pp. 373-378.

Sinton, J.E., Smith, K.R., Peabody, J.W., Liu Y., Zhang X., Edwards, R., and Gan Q., 2004.
“An assessment of programs to promote improved household stoves in China”, Energy for
Sustainable Development, VIII(3), pp. 33-52.

Smith, K.R., 1998. Indoor Air Pollution in India: National Health Impacts and the Cost-ef-
fectiveness of Interventions, United Nations Development Programme Capacity 21 Project,
Indira Gandhi Institute for Development Research, Mumbai.

Smith, K.R., Samet, J., Romieu, I., and Bruce, N., 2000a. “Indoor air pollution in developing
countries and acute lower respiratory infections in children”, Thorax 55(6), pp. 518-532.

Smith, K.R., Uma, R., Kishore, V.V.N., Zhang, J., Joshi, V., and Khalil, M.A.K., 2000b.
“Greenhouse implications of household stoves: an analysis for India”, Annual Review of
Energy and the Environment, 25, pp. 741-763.

Smith, K.R., Mehta, S., and Maeusezahl-Feuz, M., 2004. “Indoor air pollution from household
use of solid fuels”, in Ezzati, M., Lopez, A.D., Rodgers, A.D., and Murray, C.J.L., (eds.),
Comparative Quantification of Health Risks: Global and Regional Burden of Disease Due
to Selected Major Risk Factors, Vol. 2, pp. 1435-1493, World Health Organization, Geneva.

Smith, K.R., Rogers, J., and Cowlin, S., 2005. Household Fuels and Ill Health in Developing
Countries: What Improvements Can Be Brought by LP Gas?, World LP Gas Association.

Stenberg, K., Johns, B., Scherpbiera, R., and Tan-Torres Edejer, T., 2007. “A financial road
map to scaling up essential child health interventions in 75 countries”, Bulletin of the World
Health Organization, 85(4), pp. 305-314.

Still, D., (Aprovecho Research Center, Cottage Grove, Oregon, USA), 2007. Personal com-
munication.

Still, D., MacCarty, N., Ogle, D., Bond, T., and Bryden, M., 2007. Comparing Cooking Stoves,
compiled by the Aprovecho Research Center, published by the US Environmental Protection
Agency (with funding from the Shell Foundation), Washington, DC.

Tan-Torres Edejer, T., Baltussen, R., Adam, T., Hutubessy, R., Acharya, A., Evans, D.B.,
Murray, C.J.L., 2003. Making Choices in Health: WHO Guide to Cost-effectiveness Analysis,
World Health Organization, Geneva.

Thomas, C., Tennant, T., and Rolls, J., 2000. The GHG Indicator: UNEP Guidelines for
Calculating Greenhouse Gas Emissions for Businesses and Non-Commercial Organisations,
United Nations Environment Programme, Nairobi.

UNMP (United Nations Millennium Project), 2005. Investing in Development. A Practical
Plan to Achieve the Millennium Development Goals, Earthscan and United Nations Millen-
nium Project, London and Sterling, VA.

WHO (World Health Organization), 2006. Fuel for Life: Household Energy and Health, World
Health Organization, Geneva.

WLPGA (World LP Gas Association), 2006. Statistical Review of Global LP Gas,
http://www.worldlpgas.com (accessed 1 May 2007).

 Energy for Sustainable Development • Volume XI No. 4 • December 2007

Articles

43


